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pond was polarized. A little later, I examined the FUSION BY ELECTRICITY. 
light reflected by an aquarium and various articles of By A. M. TANNER.* furniture in my library, among which were a �eather 
covered chair and a black carpet, all of WhlCh ex- SINCE the remarkable discovery by Davy, who was 
hibited the nhenomcnon to a marked degree, the the first to succeed in melting a refractory substance by 
leather chair covering being the best polarizer. placing it between two carbon electrodes, a large num-
Two plates of unsilvered g-lass, receiving and reflect-l ber of inventors and scientists have endeavored to ap­
ing light (as indicated in Fig. 11), act respectively as . ply to the fusion of metals the heat that may be ob-
polarizer and analyzer. I tained through the passage of an electric current. 
A series of thin plates, Fig. 12, used in the same wa;:, Mr. Grove, an English physicist, proposed to use for 
exhibit it in a marked degree. These plates wIll this purpose the current from a battery composed of a 
also act in a similar manner when the light is trans- large number of elements, and devised the arrange­
mitted through them, a part of the light in each of ment shown in Fig. 1. The metal is placed in a car­
these eases being reflected and a part transmitted, both 
the reflected and transmitted beam being polarized, 
but in planes at right angles to each other. A single 
black glass plate is a good polarizer, hut a bundle of 
glass plates backed by black is perhaps better. The 
arrangement of the polarizing and analyzing prisms 
with reference to the object to be examined is shown 
in Fig. 14, and the simple arrangement shown in Fig. 
-fS J SI 
/S I � -�-/-H-1 
-+-1 �S-l-I--+t-If--r-S-:A'�/$. 
15 is the one employed for most of the experiments to 
follow. 
The beam of yolarized light may be depolarized by a 
body which wil produce no color, but will simply ren­
der the field light when the polarizer and analyzer are 
crossed (as shown by the insertion of this rather thick 
piece of miea). 
By placing thin pieces of miea in the same position, 
varIOUS colors are produced. When the polarized 
beam encounters the thin mica, it is resolved into two 
others at right angles to each other, the waves of one 
being retarded with reference to the other; but as 
long as these rays vibrate at right angles to each other, 
they cannot interfere. The analyzer reduces these 
vibrations to the same plane, and renders visible the 
effects of interference due to the retardation of the 
waves of one part of the beam. The thick plate of 
mica gave no color, because the different colors were 
superposed and blended together, forming white 
light. 
In a slice of Iceland spar cut at right angles to the 
axis of the crystal, the ray is not divided as it is when 
the light passes in any other direction through the 
cr�stal, and if the slice be placed in a parallel beam of 
polarized light, no marked effect is produced i but 
when the beam is rendel'ed convergent, by a lens inter­
posed between the polarizer and the crystal, beautiful 
interference phenomena are developed. 
When the polarizer and analyzer are crossed, a sys­
tem of colored rings intersected by a black cross 
appears. 
The arms of the cross are parallel with the planes of 
the polarizer and analyzer. On these lines no light 
can pass, but between them, the colors of the rings 
incl'ease in intensity toward the middle of the quad­
rants inclosed by the arms where the interference is 
most marked. Turning the polarizer or analyzer 
causes complementary colors to change places, and 
brings out a white cross instead of the dark one. 
By inserting the bundle of glass plates as an analyzer, 
polarization by both reflection and refraction may be 
shown. The image projected on thc ceiling is com­
Fm.1.-GROVE'S ELECTRIC CRUCIBLE. 
bon cruClible, C, which enters a box filled with mercury, 
I H, and is covered with a plate of carbon, D. The mer­cury communicates with one of the terminals of the battery, and the cover of the crucible with the other. In this process, the crucible as well as the cover 
is soon raised to incandescence, and this is what 
brings about a fusion of the metal, M. This 1S proba­
bly the first application that was ever made of incan­
descence for fusing metals by electricity. 
Count Du Moncel, in his treatise on the Appliea­
tions of Electricity (vol iii., p. 316). mentions the use of 
the calorific effects that may be pl'oduced with the 
electric current for fusing platinum, iridium, osmium, 
etc., the operation being performed in a crucible of re­
tort car bon. 
The apparatus that most nearly approaches the well­
known Siemens electric crucible is probably the one 
which was patented in France by Pichon, March 16, 1853, and which is described in Dingler's Journal, vol. 
cxxxi., p. 415. 
The principle of this apparatus is shown in Fig. 2. 
Mr. Pichon proposes to have a continuous faU ol' ore, 
Fm. 2.-SIEMENS' ELECTRIC CRUCIBLE. 
plementary. to that �hown on the screen, and the effects I mixed with fragments of carbon, between electrodes, III the two Images wIll .be e:cchanged forcomplementary A, placed within the crucible and connected with a effects whe� the polanzer IS turned through a quarter I battery. The molten metal is received in a reservoir, of a revolutIOn. . . .  . I R, heated to a high temperature, so as to keep the A plate of selemte, WhlCh 1I; �he polarIzed bea� pro· metal in a state of fusion. Each electrode is provided duces bh�e o� the screen, exhIbIts yellow on the ceIlmg; 'with a regulating screw, V. Among French savants a ��ate YIeldmg g.reen on.the screen sh<?ws red on the and physicists, Despretz and Dumas have more partic­ceIlmg, and agam turnmg the polarlZer causes the' ularly occupied themselves with a study of the calorific complementary .colors t? e:x;change places. . .  I effects of electric currents, and have endeavored to de-A crystal o� �Iter, WhlCh IS one of the �lass of bIaxIal t termine the laws that regulate such actions. They c�y�tals, exhIbIts t'Y0 centers. of rotatIOn .. Sugar ex- I have been lE'BS fortunate in these researches than Prof. hIbIts two cente,rs wIth one J?aIr of bru�hes III each i a Joule, who has connected his name with one of the quartz crystal dIsperses t.he lIght so wIdel�, �hat wIth [most important laws of this branch of physics. Every the present apparatus It cannot be exhIbIted as a one knows Joule's law, but wbat is less known is that whole, bu� splendId bands.of c.olor app�ar. . ! Prof. Joule, in concert with Prof. Thomson, has per-Proceedlllg to �he exam�natlOt; ?f ImcroscopIc c,rys· I formed a large numbel' of experiments for the purpose t:t1s a�d other <?bJec�s, I wII� �XhIbIt �hem by polanzed I of discovering an industrial process for the elcctric lIght III succeSSIOn, slmply glVmg then names : fusion of metals. 
Cane sugar. In an article published in 1856, in the Proceedings of 
Salicine. the Literary and Philosophieal Society of Manchester 
Salicine, with half the crystals backed by miea to I (vol. xiv., p. 49), Sir William Thomson asserts that, by show rotation reversed by the mica. ' I passing a strong electric current tbrough a bnndle of Santonine, with selenite. iron wires surrounded by charcoal, he has melted a 
Kinate of quinia. portion of the bundle. 
Asparagin. Later on, Joule performed a series of analogons ex-
Aspartate of cinchonidine. periments, in which he placed wires in the center of 
Stearic acid. glass tubes filled with charcoal or any other bad con-
Lithic acid. ductor of heat. 
.Boracic acid. In the article above cited, Tbomson also asserts that, 
Tartaric acid. with a Daniell pile of six elements, he has succeeded in 
Benzoic acid. melting together wires of brass, steel, platinum, iron. 
Sulphate of copper and magnesia. etc. He observes, moreover, that the most economical 
Sulphate of ammonia and magnesia. process of fusion would consist in employing the cur-
Sulphate of ammonia and iron. rent from a dynamo machine. 
Platino-cyanide of magnesium. Joule has studied the question of fusion by electl'ici-
Platino·cyanide of barium. ty very profoundly and in all its relations, and has 
Platino-cyanide of yttria. reached the conclnsion that the double conversion of 
Chloride of barium. heat into electricity, and viee versa, would not be too 
Rhodizite. costly in view of the results that it is hoped to obtain. 
Granite. In reasoning in this wise he has placed hirnself upon 
Fish scales. the same footing with such inventors and modern 
Palate of limpet. writers as have treated of the matter. Yet it must be 
recognized from an industrial point of view, that he [It should be stated tbat a special screen made of has not taken a step forward in the question. thick pearl-white tracing paper, secured to a common The honor of the first important progress made in wood hoop four feet in diameter, by mucilage or flour tbis direction is due to Sir William Siemens, and dates paste, was used. The audience viewed the illustrations back to 1878, the epoch at which he exhibited his first by transmitted light, and it was noticed that the electric crucible. This apparatus has so often been de­delicate colors came out very perfectly on the paper scribed, and is so wen known to all, that I believe it screen, which was accoul!-ted for b� the fac� that �o useless to give a new description of it in this place. light was lost. The varIOUS �hangmg kal�ldoscOPIC Nevertheless, I believe it of interest to recall the fact hue� that appeared as the dIfferent cl�emlCals were that, almost,at the same time that Siemens did, Mr. C. proJected on the screen were very attrachve and pleas- I -------.------____ ______ _ 
ing to those present. -PRES. SOC. OF AM. PHOTO.] *InLa Lumiere Electrique. 
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A Faure took out a patent for an electric crucible of 
his invention, and claimed therein the industrial ap­
plication of the heat developed by the electric arc, or 
by the passage of an electric current, for the redllction 
of alkaline metals or a combination thereof. 
A certain Mr. Fox, likewise, took out an Engli8h 
patent in 1878 for an apparatus of tbe same sort. His 
device is a circular crucible internally lined with a bad 
condnctor, such as carbon (preferably in the form of 
graphite) mixed with refractory clay or some like sub­
stance. Upon raising this lining to ineandescence 
through the passage of an internal current, a high 
enongh temperature is obtained in the crucible to melt 
the metals it contains. 
At this same period (1878), Messrs. Lontin and Bertin, 
too, devised an apparatns for the fusion of refractory 
bodies. Tbey propose a sBries of electrodes, circularly 
arranged and abutting against a block of carbon, in the 
center of which are placed the materials to be melted. 
In this way a very bigh temperature is obtained. 
In 1881, the Compagnie Generale BeIge de Lumiere 
Electrique constructed an electric crucible, and used as 
a refractory substance a mixture of magnesia and oxide 
of iron. The crucible was invested with a metallic 
jacket that permitted of the passage of movable elec­
trodes, between which an electric arc formed. 
The electric crucible of the CowlPB Company, of 
Cleveland, Ohio, has been much spoken of, and there 
is reason to believe that this system i8 better than any 
other that has hitherto been offered to the pnblic. 
In the process used by this house, carbon is mixed 
with the ore to be reduced, and the latter is inclosed 
in a non·conducting jacket. The process is chiefly ap­
plied to the manufacture of aluminum bronze, and for 
the fusion of precious metals. It is not very probable 
that it will ever be applied to common metals. 
To sum up, we may say that the question of fusion 
by electricity is still in its infancYi but it is attracting 
the attention of engineers, and the time is probably 
not far distant when dynamos and motors will be suf­
ficiently improved to make t.he electric crucible a valu­
able, and even an indispensable, agent for metallurgi­
cal operations. 
APPLICATION OF ELECTRICITY TO THE 
STUDY OF SPONTANEOUS MOTION IN 
CAPILLARY TUBES. 
WHEN into a very flnid liqnid (pure water, for ex­
am pIe) we plunge the extremity of an open capillary 
tube thai has previously been wet with the liquid, the 
latter will rise thereih with great velocity ; but such 
velocitywill slacken in measure as the liquid approach es 
its final level, which latter, in very narrow tu bes, it 
will reach with exceeding slowness. It is tbis spon­
taneous ascensional motion that I propose to study by 
applying to the experiments that make it manifest an 
electric process that I have used for controlling and 
definitely fixing the results obtained by means that I 
have heretofore described. 
Of the numel'OUS analysts and physicists who bave 
treated of capillary phenomena, some have striven to 
theoretically account for the distortion of liquid sur­
faces in contact with solids, and for the ascent or de­
pression of snch liquids in narrow spaces, while others 
have endeavored to measure experimentally, and with 
accuracy, the heights of various liquids corresponding 
to definite intervals and for known temperatures, tbat 
is to say, to discover the general conditions and the re­
sults of a phenomeuon which comes to an end when 
equilibrium is restored. But none of them has paid 
any attention to tbe veloeity in a spontaneous ascend­
ing motion of liquids in very narrow spaces, nnder the 
sole action of the molecnlar forces that are exerted be­
tween the solid and the liquid without the nse of any 
artificial external pressure. In a word, capillarity in 
this respect has been examined merely from a statie 
point of view. 
I propose to study the question from a dynamia 
standpoint ; that is to say, to determine the nature of 
the motion in the various phases of the phenomenon, 
or, in other words, to find ont, experimentally and 
theoretically, the relations tbat exist between space 
and time in the motion, as weIl as between velocity 
and time, and to trace the curves representing the said 
motion in different liquids rising in tube" of different 
diameters, at different inclinations, and at various tem­
peratures. 
It has seemed to me that a consideration of this ve­
locity might, by introdncing a new element into the 
question of capillarity, throw some light upon the 
general conditions of the phenomenon. 
In a memoir concerning some experiments that I 
performed in 1872 on the spontaneons motion of liquids 
in capillary tubes, I said that we might be able to have 
recourse to electrici ty as a means of instant.aneously 
closing a tube, althongh up to then I had not em­
ployed that process. This is the means that I have re­
cently used, and that I now desire to describe, and, at 
the same time, make known the principal results that 
it has clearly and surely confirmed. 
I shall, in the first place, remark that in all experi· 
ments relative to the spontaneous ascent or liquids in 
capillary tnbes, there is, in reality, but one delicate 
measurement to be effected, and this is that of the 
length of the liquid column raised by capillary force 
within a definite time. But such a measurement is 
very difficult, considering the circumstances under 
which it must be made. In fact, if it is difficult to es­
timate with accuracy the height of the fixed level of a 
liquid in a capillary tube, it will be seen that the dif­
ficulty is much greater when it is a question of getting 
the height of the movable level of a liquid which is ris­
ing with rapidity under the eye of the observer, especi­
ally at the origin of the motion. It is even almost im­
plJssible, whatev�r eare be used in the determination, 
to obtain it witlrstrict accuracy. 
Although I need not dweIl upon a detailed descrip­
tion of the apparatus that I have heretofore used, I 
must, nevertheless, give a general idea of it, in order to 
show how I apply to it the eleetrie obturator which is 
to be employed in all that follows. 
Deseription 0/ the App a1·atus.-The apparatus tbat 
I have used in all my experiments on capillary tubes 
consists simply of two recta,ng!1lar pieces of wood, A B 
(Fig. 1), fixed at right angles, one in the center of the 
other ; the first serving as a support and the second 
carrying a quadrant, or divided quarter circle, which 
permits of placing the tubes at determinate inclina-
